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(54) Row rale controller for a medication infusion pump 



(57) A flow rate controller is provided for regulating 
the flow rate of medication delivered to a patient by an 
implantable medication infusion pump of the constant 
flow type, to minimize or prevent flow rate increases 
attributable to fluctuations in ambient pressure. The 
infusion pump comprises an implantable pump housing 
with a pressurized medication reservoir therein for con- 
tinuous flow delivery to the patient through a baseline 
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flow path including a restrictor such as a capillary tube. 
The controller comprises a pressure responsive control 
valve for connecting a secondary restrictor such as an 
additional capillary tube in series with the baseline flow 
path, to prevent undesired increase in the medication 
flow rate in the event that the patient temporarily 
encounters a high altitude ambient pressure. 
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Descrlptl n 

BACKGROUND OF THE INVENTION 

This invention relates generally to improvements in s 
medication infusion pumps of the type for implantation 
directly into the body of a patient, and for delivering 
medication to the patient at a continuous and preferably 
substantially constant flow rate over an extended period 
of time. More particularly, this invention relates to a flow 10 
rate controller for use with a medication infusion pump 
of the so-called constant flow type, to compensate for 
fluctuations in ambient pressure. 

Implantable medication infusion pumps of the con- 
stant flow type are generally known in the art. for use in 15 
administering a selected medication to a patient at a 
substantially constant flow rate over an extended period 
of time. Such infusion pumps generally comprise a com- 
pact pump housing designed for direct implantation into 
the body of the patient. The pump housing contains an 20 
expansible medication reservoir or chamber con- 
structed at least in part from a deformable material such 
as a flexible bag-type reservoir or a deformable bellows, 
and filled with the selected medication. The medication 
reservoir is subjected to a predetermined positive pres- 25 
sure to force the medication therein to flow through a 
reservoir outlet for further passage to and through a 
catheter to the patient A restrictor such as a capillary 
tube or a suitable orifice is mounted along the outlet flow 
path to provide a fixed resistance to flukJ flow, whereby 30 
the predetermined positive pressure applied to the med- 
ication reservoir cooperates with the known flow restric- 
tion to result in a known and substantally constant flow 
rate delivery of the medication to the patient. The reser- 
voir is typically designed for periodic transcutaneous 35 
refilling via an inlet port formed on the pump housing. 
For one example of a constant flow implantable medica- 
tion infusion pump of this general type, see commonly 
assigned U.S. Serial No. 08/871,830. entitled CON- 
STANT FLOW MEDICATION INFUSION PUMP, filed 40 
June 6, 1997. 

Constant flow medication infusion pumps of the 
general type described above are, however, subject to 
at least some variation in medication flow rate delivered 
to the patient during certain operating conditions. More 45 
particularly, the medication flow rate is normally directly 
proportional to the pressure drop between the medica- 
tion reservoir and the outlet end of the delivery catheter. 
Conversely, the flow rate is inversely proportional to the 
restriction presented by the outlet flow path including so 
the known restrictor. These parameters can vary as the 
patient travels to a different altitude location, to result in 
an increase in medication flow rate. Specifically, as the 
patient moves to a location of lower ambient pressure, 
e.g., a high altitude location or during air travel in a typi- ss 
cat commercial aircraft, the relative pressure drop 
between the medication reservoir and the catheter 
increases to result in a relatively increased medication 
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flow rate. In some circumstances, the increased medi- 
cation flow rate during this condition can be undesirable, 
and potentially result in an overdosage of the medica- 
tion to the patient 

Accordingly, there exists a need for improvements 
in and to implantable medication infusion pumps of the 
constant flow type, to prevent or minimize medication 
flow rate increases attributable to the patient traveling to 
a high altitude pressure location. The present invention 
provides a relative simple and effective flow rate control- 
ler which fulfills these needs and provides further 
related advantages. 

SUMMARY OF THE INVENT ION 

In accordance with the invention, an implantable 
medication infusion pump of the constant flow type is 
provided with a flow rate controller for regulating the 
medication flow rate to a patient in accordance with fluc- 
tuations in ambient pressure. The flow rate controller 
includes a pressure responsive control valve for selec- 
tively connecting a secondary restrictor such as a capil- 
lary tube in series with a baseline flow path through 
which medication is delivered to the patient, during a 
low ambient pressure condition, to maintain the actual 
f taw rate to the patient substantially constant. 

The implantable medication infusion pump com- 
prises a compact pump housing adapted for direct 
implantation directly into the body of the patient. The 
pump housing contains a deformable medication reser- 
voir filled with the selected medication and subjected to 
a predetermined positive pressure to cause the medica- 
tion to flow from the reservoir through the baseline flow 
path including an appropriate catheter to the patient. 
The baseline flow path defines a known restriction to 
fluid flow, such as by including a primary restrictor in the 
form of an elongated capillary tube or the like. During 
normal ambient pressure conditions, e.g., ambient pres- 
sure at sea level, the known pressure applied to the 
medication reservoir and the known restriction defined 
by the baseline flow path result in a substantially con- 
stant and known flow rate of the medication to the 
patient However, the pressure drop across the baseline 
flow path progressively increases, to progressively 
increase the medication flow rate, as the patient moves 
to a higher altitude and lower ambient pressure. 

The pressure control valve of the flow rate controller 
is mounted along the baseline flow path at a position 
downstream from the primary restrictor. The control 
valve includes a pressure control chamber having one 
wall thereof def ined by a resilient diaphragm positioned 
for opening and closing a valve port formed along the 
baseline flow path. The control chamber is charged with 
a predetermined control pressure, such as a pressure 
corresponding with a moderate altitude ambient pres- 
sure condition. When the patient is at a low altitude 
location wherein the ambient pressure at the valve port 
is higher than the control pressure, the diaphragm is 
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spaced from the valve port to provide an open and sub- 
stantially unrestricted pathway for medication flow to the 
catheter. However, when the patient travels to a higher 
altitude location wherein the ambient pressure at the 
valve port is less than the control pressure, the dia- 
phragm moves to close the valve port and thereby divert 
the medication for flow through the secondary restrictor 
prior to passage to the catheter. The secondary restric- 
tor is thus coupled in series with the baseline flow path 
and cooperates with the primary restrictor to maintain 
the medication flow rate substantially constant despite 
the high altitude location. 

Other features and advantages of the present 
invention will become more apparent from the following 
detailed description, taken in conjunction with the 
accompanying drawings which illustrate, by way of 
example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings illustrate the inven- 
tion. In such drawings: 

FIGURE 1 is a somewhat diagrammatic view 
depicting a medication infusion pump including a 
flow rate controller embodying the novel features of 
the invention, and showing the flow rate controller in 
an open position for normal pump operation; 
FIGURE 2 is a diagrammatic view similar to FIG. 1 , 
but depicting the flow rate controller in a dosed 
position to divert medication flow through a second- 
ary restrictor. 

DETAILED DESC RIPTION QFTHE PREFERRED 
EMBODIMENT 

As shown in the exemplary drawings, a medication 
infusion pump referred to generally by the reference 
numeral 10 includes a flow rate controller 12 for pres- 
sure responsive regulation of the medication flow rate to 
a patient. The flow rate controller 1 2 is designed to com- 
pensate for fluctuations in the ambient pressure to 
maintain a substantially constant actual medication flow 
rate to the patient. 

The medication infusion pump 10 is shown in FIG- 
URES 1 and 2 to have a generally conventional con- 
struction adapted for direct implantation into the body of 
a patient, and to administer a selected medication to the 
patient on a continuous and desirably substantially con- 
stant flow rate over an extended period of time. In this 
regard, the illustrative pump 10 comprises a compact 
pump housing 14 formed from a suitable biocompatible 
material to include an interna) medication reservoir or 
chamber 16 of a defdrmable or expansible construction. 
An inlet port 1 8 is mounted on the pump housing to per- 
mit transcutaneous filling and refilling of the medication 
reservoir 16. all in a manner known to persons skilled in 
the art 



The infusion pump 10 also includes a propellant 
chamber 20 within the pump housing 14 for applying a 
predetermined positive pressure to the medication 
within the reservoir 16. More particularly, the propellant 
5 chamber 20 comprises a volume within the pump hous- 
ing filled with a selected fluid propellant such as a freon 
compound having a vapor pressure to apply a selected 
and predetermined positive pressure to the medication 
within the reservoir. The fluid propellant is selected to 
10 vdumetrically expand and contract as the medication 
reservoir 16 is gradually emptied and subsequently 
refilled, respectively, in a manner maintaining a sub- 
stantially constant pressure applied to the medication. 
Although FIGS. 1 and 2 show the infusion pump 10 
is in a schematic form, it will be recognized and under- 
stood that the particular construction of the medication 
reservoir 16 and the propellant chamber 20 within the 
implantable pump housing 14 may take different forms. 
For example, in a preferred configuration, the medica- 
re tion reservoir 16 is constructed to occupy the substan- 
tial volume of the housing interior, and the propellant 
chamber 20 is provided as a sealed flexible bag posi- 
tioned directly within the medication reservoir, ail as 
shown and described in commonly assigned U.S. Serial 
25 No. 08/871,830, entitled CONSTANT FLOW MEDICA- 
TION INFUSION PUMP, filed June 6, 1997. and incor- 
porated by reference herein. Alternately, the medication 
reservoir 16 may be provided as an expansible bellows 
chamber, such as that shown and described in U.S. Pat- 
30 errt 3,951,147, which is also incorporated by reference 
herein. 

The medication under pressure within the medica- 
tion reservoir 16 is forced to flow through an outlet port 
22, for flow further through a baseline flow path 24 to the 

35 patient. This baseline flow path 24 defines a known and 
predetermined restriction to fluid flow, so that the flow 
rate therethrough in response to the constant pressure 
applied by the pressure chamber 20 will be substantially 
constant. In this regard, the predetermined flow restric- 

40 tion is normally obtained by providing a suitable primary 
flow restrictor 26 such as an elongated capillary tube 
along the length of the flow path 24. As shown, the med- 
ication flows through the capillary tube 26 through the 
flow rate controller 12 of the present invention as will be 

45 described, and further to the patient via an appropriate 
catheter 28 or the like. 

The flow rate controller 12 is mounted along the 
baseline flow path 24 at a location downstream from the 
capillary tube 26, and comprises a pressure control 

so valve which functions to allow substantially uninter- 
rupted flow of the medication therethrough during nor- 
mal operating conditions. That is, when the patient is 
located in a normal ambient pressure environment for 
example, an ambient pressure corresponding with or 

55 approximately equal to atmospheric pressure at sea 
level, the flow rate controller 12 permits substantially 
unrestricted flow of the medication from the capillary 
tube 26 to the catheter 28. However, when the patient 
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moves to or otherwise encounters a lower ambient pres- 
sure, the controller 12 diverts the medication for flow 
through a secondary restrictor 30 which may be pro- 
vided in the form of an additional capillary tuba 

More specifically the flow rate of the medication 
from the reservoir 16 to the patient is a function of the 
pressure drop along the baseline flow path 24 between 
the reservoir 1 6 and an outlet end of the catheter 28. At 
a normal ambient pressure condition, at or near atmos- 
pheric pressure at sea level, the pressure drop is the dif- 
ference between the pressure applied by the pressure 
chamber 20 and the local ambient pressure. However, if 
the patient travels to or encounters a reduced local 
ambient pressure, such as by traveling to a higher alti- 
tude location or in the course of an airplane flight, the 
pressure drop along the baseline flow path 24 increases 
to result in an increase in the flow rate of the medication 
to the patient. The flow rate controller 12 of the present 
invention compensates for the increased medication 
flow rate which would otherwise occur during this condi- 
tion by connecting the secondary restrictor 30 in series 
with the primary restrictor 26 to retard the flow rate sub- 
stantially to the design constant flow desired. 

The controller 12 comprises a valve housing 32 
having a resilient diaphragm 34 subdividing the valve 
housing 32 into a pressure control chamber 36 and a 
flow chamber 38. The control chamber 36 is charged 
with a gas to a predetermined pressure associated with 
a mid or moderate altitude location, such as a pressure 
of about negative 2 psi corresponding with ambient 
pressure normally encountered at an attitude of about 
4,000 feet above sea level. The flow chamber 38 is cou- 
pled via an inlet valve port 40 in-line with the baseline 
flow path 24 at the downstream side of the primary 
restrictor or capillary tube 26, wherein this valve port 40 
includes a resilient valve seat 42 for engagement with 
the diaphragm 34. During normal operating conditions, 
with the ambient pressure higher than the pressure 
within the control chamber 36, the differential pressure 
across the diaphragm 34 causes the diaphragm to 
retract from the valve seat 42 to permit unobstructed 
medication flow through the valve port 40. The medica- 
tion passes from the valve port through the flow cham- 
ber 38 and further through an outlet port 44 coupled to 
the catheter 28. This baseline flow path 24 bypasses 
the secondary restrictor 30 which, during normal oper- 
ating conditions, provides sufficient resistance to fluid 
flow so that substantially all of the medication passes 
through the controller flow chamber 38 to the catheter 
28. 

When the patient encounters a reduced ambient 
pressure associated with an attitude higher than a pre- 
determined reference or threshold as defined by the 
control pressure within the control chamber 36, the dia- 
phragm 34 responds to the pressure differential therea- 
cross to seat against and dose the valve seat 42. When 
this occurs, as shown in FIG. 2, the medication is forced 
to flow in bypass relation to the pressure control valve 
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through a short bypass conduit 46 which includes the 
secondary restrictor 30. The bypass conduit 46 con- 
nects the medication flow from the downstream side of 
the primary restrictor 26, through the secondary restric- 

5 tor 30 and directly to the catheter 28, thereby adding the 
additional flow resistance defined by the secondary 
restrictor 30 in series with the flow resistance defined by 
the primary restrictor 26. As a result, as long as the 
higher altitude pressure condition in maintained, the 

10 flow rate controller 1 2 effectively increases the fluid flow 
resistance encountered by the medication to maintain 
the actual medication flow rate substantially at the orig- 
inal constant design flow rate. When the patient returns 
to a lower altitude location, as reflected by a local pres- 

is sure that is higher than the pressure within the control 
chamber 36, the diaphragm 34 re-opens the valve seat 
42 and medication flow through the original baseline 
flow path 24 is resumed. 

The flow rate controller 12 of the present invention 

20 thus provides a relatively simple yet highly effective 
device for use with an implantable medication infusion 
pump 10, to maintain the actual medication flow rate 
substantially constant, notwithstanding fluctuations in 
the local ambient pressure. The controller 12 monitors 

25 the pressure of the medication at the downstream side 
of the primary restrictor 26, and responds when that 
pressure is less that a predetermined reference level to 
increase the fluid flow resistance of the pathway to the 
patient. The controller thus safeguards the patient 

30 against potential excess dosage of the medication, 
while enabling the patient to travel to high attitude loca- 
tions and/or travel on aircraft without concern for 
improper medication dosage rate attributable to attitude 
variations. Although the invention is depicted in the 

35 exemplary drawings in schematic form, persons skilled 
in the art will recognize that the controller 12 can be 
incorporated directly into the housing of the infusion 
pump substantially without increasing the overall size of 
the pump. 

40 A variety of further modifications and improvements 
to the invention will be apparent to those skilled in the 
art. Accordingly, no limitation on the invention is 
intended by way of the foregoing description and 
accompanying drawings, except as set forth in the 

45 appended claims. 

Claims 

1 . A flow rate controller for a medication infusion pump 
so having a selected medication contained within a 
deformable medication reservoir under a predeter- 
mined positive pressure for delivery thereof from 
the medication reservoir through a baseline flow 
path including a primary flow restrictor to a patient, 
55 said flow rat controller comprising: 

pressure control means for monitoring the 
pressure along the baseline f taw path at a loca- 
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tion upstream from the primary flow restriclor; 
and 

means for adjusting the restriction to fluid flow 
fr m the medication reservoir to the patient in 
response to changes in the monitored pres- s 
sure. 

2. The flow rate controller of claim 1 wherein said 
adjusting means comprises means for increasing 
the fluid flow restriction from the medication reser- 10 
voir to the patient in response to decrease in the 
monitored pressure. 

3. The flow rate controller of claim 2 wherein said 
means for increasing the fluid flow restriction com- is 
prises means for connecting a secondary restrictor 

in series with the primary restrictor when said 
detected pressure decreases by an amount 
exceeding a predetermined threshold. 

20 

4. The flow rate controller of claim 3 wherein said sec- 
ondary restrictor is connected along a bypass con- 
duit in series with said primary flow restrictor. 

5. The flow rate controller of claim 1 wherein said 25 
pressure control means comprises a pressure con- 
trol valve including a valve housing having an inter- 
nal resilient diaphragm subdividing said valve 
housing into a pressure control chamber and a flow 
chamber, said pressure control chamber being 30 
charged to a predetermined reference pressure, 
and said flow chamber being coupled in-line with 
the baseline flow path downstream from the pri- 
mary restrictor, said diaphragm being movable 
between a first position spaced from a valve port 35 
formed on said valve housing to permit medication 
flow through said f tow chamber when the pressure 
within said flow chamber is greater than said refer- 
ence pressure, and a second position closing said 
valve port to prevent medication through said flow 40 
chamber when the pressure within said flow cham- 
ber is less than said reference pressure, said sec- 
ondary restrictor being mounted along a bypass 
conduit connected to said baseline flow path to 
bypass said pressure control valve. 45 

6. The flow rate controller of claim 3 wherein said pri- 
mary restrictor is a capillary tube. 

7. The flow rate controller of claim 6 wherein said sec- so 
ondary restrictor is a capillary tube. 

8. The flow rate controller of claim 3 wherein said sec- 
ondary restrictor is a capillary tube. 

55 
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(54) Row rate controller for a medication infusion pump 



(57) A flow rate controller (12) is provided for regu- 
lating the flow rate of medication delivered to a patient 
by an implantable medication infusion pump (10) of the 
constant flow type, to minimize or prevent flow rate 
increases attributable to fluctuations in ambient pres- 
sure. The infusion pump comprises an implantable 
pump housing (14) with a pressurized medication reser- 
voir (16) therein for continuous flow delivery to the 
patient through a baseline flow path including a restric- 



tor such as a capillary tube (26). The controller com- 
prises a pressure responsive control valve for 
connecting a secondary restrictor (30) such as an addi- 
tional capillary tube in series with the baseline flow path, 
to prevent undesired increase in the medication flow 
rate in the event that the patient temporarily encounters 
a high attitude ambient pressure. 
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